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Procedure

1. Very sensitive wafer inspection 

(>75% noise) with cell-to-cell mode

Repeater 

analysis 

(threshold 3/15)

2. Repeater analysis filters reticle 

defects and removes all noise

Die-stack

3. Die-stack of all 15 dies 

(filtering 1 die is not sufficient)

Correlation

RETICLE DEFECTS

PROCESS DEFECTS

Blank Inspection (BI) 

multilayer

BI absorber Patterned Mask 

Inspection (PMI)

4. Matching between different types of inspections: correction for rotation (BI), 

translation X and Y, mirroring (WI-PMI) is needed + matching of reference locations

Defect 

Source 

Analysis 

(DSA)

5. DSA to define origin of each defect

Sensitivity (32nm L/S)
 

 

         
Size (as designed 1X) X:32nm 

Y:32nm 
X:32nm 
Y:28nm 

X:32nm 
Y:24nm 

X:32nm 
Y:20nm 

X:32nm 
Y:16nm 

X:28nm 
Y:14nm 

X:24nm 
Y:12nm 

X:20nm 
Y:10nm 

X:16nm 
Y:8nm 

WI-tool A          

WI-tool B          

WI-tool C          

WI-tool D          

Best case PMI          

Reticle layout

(programmed defects in center)

Protrusions is most challenging 

type of defect for WI. 

Standard WI is not capable of 

detecting these defects. 

State-of-the-art WI-tools detect 

some, but still low capture rate

Programmed reticle defects Natural reticle defects

Advantage of WI:

WI has same sensitivity 

for ML defects compared 

to absorber defects, while 

PMI has better sensitivity 

for absorber defects, but 

much less for ML-defects

Natural defects missed by WI

All known natural defects that were missed by 

best case WI were smaller than micro bridge 

(protrusions). 

(Same conclusion as for programmed defects)

This result was obtained for 32nm L/S. These 

defects will become even more challenging for 

2X and 1X nodes

Particle adders on mask

Particle monitoring on reticle

14 October 14 December 13 March

Total counts of defects on reticleDefect Source Analysis to check for adders

(purple bars indicate occasions of manual 

handling of reticle)

Target: determine scanner contribution

Procedure with patterned mask inspection or blank inspection

Procedure with wafer inspection

Inspection 

mask/blank 

(pre)

Manual 

handling

Manual 

handling

Inspection 

mask/blank 

(post)

Pre-exposure wafers Load-lock elevator robot
Clamp 

position
Clamped scanning

Inspection 

pre- + post-

exposures

Reticle cycle tests

Post-exposure 

wafers

Big advantage of WI-technique 

is the possibility to exclude 

manual reticle handling

=> Possible to determine exact 

contribution of exposure tool

Repeaters on pre-exposure Repeaters on post-exposure

Review location 

on pre-exposure

Review location 

on post-exposure

An Additional advantage of WI technique is the possibility to trace back the situation before 

cycling (frozen by pre-exposure) with wafer review

 Possible to exclude inspection repeatability errors

 Possible to have exact number of adders

Summary of advantages of WI-technique: 

☻ WI is the only possibility to exclude manual handling as long as pod-

in-pod is not in place on both exposure tools and PMI or BI tools

☻ Wafer review on pre- and post-exposures allows to exclude 

inspection repeatability errors

☻ Wafer review on pre- and post-exposures also allows to give exact 

number of added particles 

Summary of disadvantages of WI-technique: 

☻ It is not possible to inspect outside exposure field, which is possible with 

BI technique

☻ It is not possible to inspect  backside of reticle, which is possible with BI 

technique

☻ It is not possible to detect added particles that fall on top of absorber 

pattern and therefore don’t print

Monitoring procedure 32nm L/S (advance WI)

1. Wafer print with 15 Full Field exposures + very sensitive wafer 

inspection on advanced WI-tool (better S/N ratio)
2. Remove repeaters (=reticle defects)

Monitoring procedure 40nm L/S (KLA2800)

40nm 40nm 40nm

40nm 40nm 40nm

40nm 40nm 40nm

40nm 40nm 40nm

40nm 40nm 40nm

32nm 32nm 32nm

30nm 35nm 40nm

32nm 32nm 32nm

32nm 32nm 32nm

32nm 32nm 32nm

30nm 
not 

inspected

Reticle layout DEFECT32FF:

All modules covered with vertical 

L/S patterns (mainly 32nm).

Layout is optimized for process

and tool monitoring

Reticle layout DEFECT40FF:

All modules covered with 40nm

vertical L/S patterns.

Layout is optimized for process

and tool monitoring.

1. Wafer print with 15 full field 

exposures + very sensitive 

inspection (some nuisance 

allowed) on KLA2800

2. Remove false defects as well as possible 

with Automatic Defect Classification (ADC) 

based on optical images

Defect-

image

Reference-

image

Difference-

image

Micro bridge Micro bridge Micro bridge

Nuisance Nuisance Nuisance

3. Remove repeater defects 

(reticle defects)

4. Automatic SEM-review (AMAT G3-STAR)  

on all defects + classification and filtering 

of additional nuisance defects (LER)

Embedded 

defect

Micro 

bridge
Protrusion

Particle Bridging
Missing 

pattern

Pattern 

collapse

 

 

    
Defect size as 
designed at 1X 

X:40nm 
Y:40nm 

X:40nm 
Y:32nm 

X:40nm 
Y:28nm 

X:40nm 
Y:20nm 

KLA2800     

 

    
Defect size as 
designed at 1X 

X:36nm 
Y:18nm 

X:32nm 
Y:16nm 

X:28nm 
Y:14nm 

X:24nm 
Y:12nm 

KLA2800     

5. Sensitivity check on programmed reticle defects. 

This indicates thin micro bridges and protrusions 

have low capture rate (detected occasionally)

3. Sampling for wafer SEM-review 

(3 center dies) + full classification 

and nuisance (LER) filtering

Main limitation = LER 

(adds noise)

Defect of interest 

(printing 

programmed 

defect)

Line Edge 

Roughness 

(LER)

In some occasions the border between 

LER and DOI becomes very thin, which 

limits the inspection sensitivity.

Probably with improved LER even better 

sensitivity would be possible 

Summary : 

This work shows  that optical wafer inspection 

is an efficient  and throughput friendly way to 

perform process defect monitoring. 

Especially most advanced WI-tools have good 

sensitivity on all  types of defects, except for 

line protrusions. By means of programmed  

defects on the reticle it was possible to indicate 

that for this type of defect poor capture rate 

values were achieved

On the other hand  the CD change caused by 

this type of defect approaches the CD change 

that is caused  by LER on current EUV resist 

processes . Therefore  it is very likely that with 

improved LER on future resist processes , the 

sensitivity of current optical defect inspection 

tools can be further improved.

Load-lock elevator robot
Clamp 

position
Clamped scanning

Reticle cycle tests

Particle adder

Repeatability 

error


